In Synergetics, when a complex system evolves from one sate to another, the order parameter plays a dominant role. We can analyze the complex system state by studying the dynamic of order parameter. We developed a synergetic model of electricity market operation system, and studied the dynamic process of the system with empirical example, which revealed the internal mechanism of the system evolution. In order to verify the accuracy of the synergetic model, fourth-order Runge-Kutta algorithm and grey relevance method were used. Finally, we found that the reserve rate of generation was the order parameter of the system. Then we can use the principle of Synergetics to evaluate the efficiency of electricity market operation.
Introduction
The electricity market operation, involving the technical and economic relations between generating, transmitting, distributing and retailing parts which must be balanceable at anytime, is a complex system that is open, nonlinear and dynamic. The efficiency evaluation of electricity market operation system (EMOS) cannot simply apply the traditional method of the input-output principle, but should be in the point of overall dynamic operation. Based on the synergetic theory, we constructed a synergetic model and found the order parameter of EMOS. By studying the change of the order parameter which reflected the system operation state, the efficiency evaluation mechanism of electricity market operation was revealed.
Introduction of Synergetics
Synergetics was created by Haken, a German physicist. It is a self-organized theory studying nonlinear interaction between subsystems which will result in ordered evolution of the system structure. The key point of Synergetics is how an open, erratic system evolves from a disordered structure to an ordered state, or from one ordered state to another one.
The general steps dealing with the issues of Synergetics are as following [1, 2] : 1) "Translate" the specific issues to mathematical problems. Explore the relationships between key variables and constants which these two parameters determine the system operation state. Then construct mathematical model. The basic evolution equations of Synergetics can be written in the form of Langevin equations: 3) Find order parameters in the model by distinguishing the size of damping coefficients.
4) Based on the Synergetic servo principle, cancel fast variables and get order parameter equations. By analyzing the dynamic of the order parameter, evaluate the state of the system.
Synergetic Features of Electricity Market Operation
Synergetics is mainly used to study open, non-linear, erratic complex systems. The open feature means that the system exchanges energy, material and information with outside. The non-linear feature shows that the nonlinear mechanism between variables of the system exists. The essence of unbalance is that the system state is changing with time [3] .
EMOS is an open system that exchanges energy, material and information with natural and social environment. For example, coal-fired power plants need to purchase coal in the energy market. The construction investment of the plants is affected by national economic development and macroeconomic policy, etc.
Although there are complex technical and economic relations between the generating, transmitting, distributing and retailing subsystems, they must be coordinate highly, e.g. the variables of EMOS varied with time, but they are generally in coordination and non-linear conditions.
EMOS is in erratic state. For reasons above, in the process of electricity market operation, the system exchanges material and information with outside, and provides power to users by tracking load at any time. In other word, the system is always in dynamic equilibrium state [4] .
For all above, EMOS has synergetic evolution features of complex system and accords with the principles of Synergetics.
Synergetic Model of Electricity Market Operation

Select State Variables
To create the synergetic model of EMOS, we should select the state variables first. Based on the SCP principle of Harvard School, the electricity market is divided into three parts: market structure, market conduct and market performance. In SCP, structure determines conduct, further more, conduct determines performance. But it's not a simple one-way relationship. At the same time, conduct can affect structure, and performance can react on structure and conduct either [5] [6] [7] . For above, we divide the EMOS into three subsystems: structure subsystem, conduct subsystem and performance subsystem. Four state variables are selected: declared supply and demand ratio (SDR), reserve rate of generation (RG), transacted power amount (TP) and market clearing price (CP). These state variables are described in Table 1 . b X t . We cannot tell which ones are development and cooperation items, and which are inhibition and competition ones. So it is assumed that the coefficients of all items are positive. The exact symbol will be given by the model results.
Synergetic Model
Based on the discussion above, the synergetic model of EMOS is:
In model (1),
f t is the outside interference that is influenced by environment and policy. The main purpose of this paper is to find the order parameter of EMOS by studying the interaction of state variables, but not to forecast when the electricity market develops from an ordered state to another by the help of outside interference. So we suppose
Find the Order Parameters
In Synergetics, when system tends to the critical point, it evolves from a disordered structure to an ordered state, or from one ordered state to another one. At this point, the state variables will develop into two categories: variables changing rapidly with time are known as the fast variables; the other kinds change very slowly, known as the slow variables which are the order parameters. The order parameter, a core concept of Synergetics, can lead to new structure of the system, and reflect the ordered degree of the new structure [8] [9] [10] [11] . Haken established two synergetic research methods: micro and macro method. From the point of micro method, we can find the order parameters through the size of damping coefficients in synergetic model. And from the point of macro method, the principle of maximum information entropy is used to find the order parameters. But some problems exit in macro method: it is not sure that the information entropy increases or deceases when the system is developing from one state to another. So we use the micro method to find order parameter in this paper.
above into the synergetic model (1), and get the equations with the help of MATLAB: (see (2)) This is the synergetic model of the regional electricity market.
Verifying the Model
In model (2) , in order to simplify the calculation, the first and second power of the items were considered, the higher power items were omitted. So the accuracy of the synergetic model needs to be verified, we use fourthorder Runge-Kutta method and grey relevance method to verify the model. Based on the synergetic model of EMOS above, we will analyze a regional electricity market in this part. Table 2 is the operation data of the market in year 2008 and 2009.
Since the unit and magnitude of the initial data is different, we normalize the data first:
We can see the trends of initial data and simulated data are identical approximately. So model (2) is reasonable. t
Verifying by Grey Relevance Method
The fit degree of the model has been displayed intuitively above. To verify the model further, we calculate the grey relevance degree of the initial and simulated data series [12, 13] . The result is in Table 3 .
In order to weaken the randomness of the time series, we cumulate the normalized data, and get new series
Based on the grey relevance theory, the relevance coefficient is 0.5 generally. If the grey relevance degree is more than 0.6, we can consider the model is satisfied. From Table 3 , the results are all more than 0.6. So model (2) is good. the situation of supply and demand in the electricity market implies whether the market power exits.
Conclusions
The electricity market operation system which is open, non-linear and erratic, achieves to ordered operation state through continuous development. Therefore, the evolution of EMOS accords with Synergetics theory. Based on Synergetics, we divided EMOS into structure, conduct and performance subsystems. Then we selected several state variables and constructed synergetic model of EMOS. Through empirical analysis, reserve rate of generation was proofed the order parameter. Based on this paper, we can track the dynamic state of electricity market operation by studying the change of order parameter, and give the mechanism for the efficiency evaluation of electricity market operation.
